The aim of this experimental study was to verify a new semi-spherical surgical tool for bipolar radiofrequency liver ablation, which can solve some of the disadvantages of the commonly used device, such as long duration of ablation. A total of 12 pigs which were randomly divided into two groups were used. Each pig underwent resection of the two liver lobes. In group 1, pigs were treated with the commonly used device; in group 2 the newly developed semispherical device was used. During surgery and the post-surgical period, many categories were observed and later analyzed. The blood count and biochemistry were monitored on days 0, 14 and 30 from the operation. On day 14 since the liver resection, pigs underwent diagnostic laparoscopy to evaluate their condition focusing on the site of the liver lobe resection. On day 30 after operation, all pigs were euthanized and subjected to histopathological examination. Histopathological evaluation of thermal changes at the resection margin showed strong thermal alteration in both groups. Data between both groups were compared using median test for continuous variables and Fisher's exact test for categorical variables. Statistical analyses were performed with IBM SPSS software version 18.0. Statistical analysis of collected data did not prove any significant (P < 0.05) differences between the commonly used device and the newly designed surgical tool.
reason for the selection of this species was that the pig liver is similar in physiological functions, size and topographic links to other abdominal organs of the human body. Several studies have been performed using an ex vivo and/or in vivo animal model to verify the effectiveness of radiofrequency on various tissue types (Johnson and Cadeddu 2003; Date et al. 2005) .
The primary hypothesis was to demonstrate the feasibility and safety of the newly developed semi-spherical bipolar device for liver ablation and resection (RONJA) compared with the commonly used device for liver resection. The secondary hypothesis was to confirm that the system configuration of electrode needles into a semi-spherical shape was designed in such a way that it would shorten the ablation and thus the operation time while maintaining the same effect of thermal coagulation (Vavra et al. 2014 ).
Materials and Methods
This experimental in vivo study (no. 65/2012) Twelve pigs (Sus scrofa domestica) were randomly divided into two groups of six pigs. Pigs in group A underwent liver resection using the newly tested device and in control group B pigs were operated on with the commonly used surgical multiple needles device for radiofrequency liver ablation.
The surgical procedure All animals were intramuscularly premedicated with a mixture of TKX -tiletamin-zolazepam (Zoletil, Virbac, France), ketamine (Narketan, Vetoquinol, Czech Republic), xylazine (Rometar, Bioveta, Czech Republic) (2 mg/kg from each subs.) and atropine (Atropin, Leciva, Czech Republic) (0.02 mg/kg). Anaesthesia was induced by intravenous propofol (Norofol, Norbrook Lab. Ltd., North Ireland) (0.5-1 mg/kg), then anaesthesia was maintained by a constant rate infusion of propofol (0.1 mg/kg/min).
The surgical field and surroundings were shaved and made antiseptic by washing with iodopovidon (Betadine soap, Egis Pharmaceutical, Hungary); chlorhexidine (Nolvasan, Cymedica s.r.o., Czech Republic) was applied to the surgical field. During the surgical procedure Hartmann solution (B. Braun, Germany) 10 ml/kg/h were administered to the animals intravenously through a cannulated auricular vein. Postoperatively, the animals were administered amoxicillin (15 mg/kg) and meloxicam (0.4 mg/kg) (Metacam, Boehringer Ingelheim, Germany) intramuscularly.
An upper middle laparotomy was performed with the position of the animal on its back. Two liver resections were always performed on each pig (Plate VI, Fig. 1 ) -one from the right lateral lobe and one resection of the left lateral lobe of the liver (Plate VI, Fig. 2 ). The resected samples were fixed in 10% formalin solution for a follow-up histopathological examination. The entire abdominal laparotomy was closed in three layers (peritoneum together with fascia, subcutaneous tissue, skin). A special antiseptic spray -Silver Aluminium Aerosol (Henry Schein, Inc., Germany) -bandage protection against contamination was applied to the surgical wound (Vavra et al. 2014) .
Second phase
This part of the testing was focused on determining the status of healing as well as on postoperative complications. Aesculap (B. Braun Medical., s.r.o., Czech Republic) laparoscopy instrumentation was used for diagnostic intervention -a humane version of the endoscopic video unit Tele Pack X and laparoscopic optic Hopkins with an outer diameter of 5 mm and a length of 290 mm (Karl Storz Endoscopy, Germany) insufflation device Smith & Nephew and laparoscopic set Harmonic ACE (Ethicon Endo-Surgery, LLC and Johnson & Johnson company, USA).
Third phase
On the 30 th day after the first surgical liver resection, 12 porcine autopsies were performed, according to the protocol and lege artis.
Data between the standard device group and the RONJA group were compared using median test for continuous variables and Fisher's exact test for categorical variables. Statistical analyses were performed with IBM SPSS software version 18. 0
Results
Examination of blood samples showed no significant differences. The ablation time was shorter with the tested device RONJA (2.84 min in the left lobe and 1.17 min in the right lobe) compared to the commonly used device. In the newly designed instrument, there was also a shorter surgical time (11.5 min) in comparison with the commonly used device. Blood loss during the liver resections was less than 20 ml. In experimental group A the weight gain was on average 5.83 kg and in control group B it was 6.62 kg. During the whole experiment several complications occurred. The spleen was deserosated in a pig in experimental group A.
Control laparoscopy showed postoperative adhesions in all 12 animals. As we expected, many adhesions were found in the abdominal cavity between the resected part of the liver and the omentum or the abdominal wall, respectively. Only one adverse event appeared during the inspection laparoscopy ( Table 1 ). The transverse colon of one pig in experimental group A was injured when capnoperitoneum was being established. Death of one pig in control group B occurred in the postoperative period after the laparoscopic procedure. The cause of death was determined as animal circulatory failure due to respiratory insufficiency in the postoperative period in connection with Mycoplasma spp. infections.
Veterinary pathologist described the nutritional status of the animals as 'good to very good'. Only one pig which had been injured in the transverse colon in the second phase, had an abscess in the subcutaneous space which had not caved into the abdominal cavity. Resection margins in the liver lobes were mostly covered with fibrous tissue at the adhesions. A small amount of serous effusion was observed in the abdominal cavity of four female pigs. The lungs of five pigs had pathological findings consisting of atelectatic bearings -acute inflammatory or chronic bronchopneumonia. Fibrinoid purulent pericardial effusion was observed in one of these pigs, no adhesions or effusions were observed in the thoracic cavity of the other four pigs.
Histopathological evaluation in haematoxylin-eosin of thermal changes at the resection margin showed strong thermal alteration in both groups. The depth of the thermal alteration was on average 4 mm larger in the cases of the newly tested instrument, dispersion of values was 12-17 mm.
Statistical analysis
A two-sided value of P < 0.05 was considered significant for all analyses. The statistical analysis definitely showed that there were no differences between experimental group A and control group B. 399 Table 1 . Data comparing the incidence of complications in liver resection with the newly designed device and the commonly used device.
Type of complication
Standard device; n (%) RONJA; n (%) P value
Complications during surgery 0 (0) 
Discussion
Radiofrequency energy has been used in medicine for more than a hundred years. First, French physicist D'Arsonval described the effects of alternating current at a frequency of 250 kHz on biological tissue in Paris (D'Arsonval 1891). The first percutaneous radiofrequency ablation (RFA) of liver tumours in humans was published in 1993 (McGahan et al. 1993) . Nowadays, radiofrequency ablation is a promising, gradually developing method. There are many studies which use radiofrequency in different ways to improve the protocol of liver lesions treatment Zacharoulis et al. 2009 ). The application of RF current between the electrodes leads to organ parenchyma and vessel coagulation. Radiofrequency resection significantly reduces blood loss and the need for blood transfusions in the postoperative period (Habib 2001; Ihnat et al. 2013 ). Many authors have used the porcine model in feasibility and safety studies of radiofrequency ablation of livers, lung, and pancreatic tissue (Solazzo et al. 2007; Crha et al. 2011) .
This experimental study confirms the primary hypothesis and demonstrates the feasibility and safety of the newly developed semi-spherical bipolar device for liver ablation and resection. We have confirmed the secondary hypothesis, that the new semi-spherical bipolar radiofrequency device RONJA has advantages compared to the commonly used device such as faster ablation of the liver lobe and faster operation time while maintaining the same effect of ablation. The ablation and surgical time were shorter with the new device RONJA compared to the commonly used device, but due to the small number of pigs in our experimental group, it was not confirmed by statistical analysis (Vavra et al. 2014) .
During our in vivo testing on the porcine model, no severe complications occurred which could be linked with the use of our newly developed instrument.
This experimental study in pigs has shown promising results for the utilization of the newly developed radiofrequency device for semi-spherical liver resection, however, further studies have to be performed before wider use of this device in clinical practice. In our experience, pigs appear as an effective experimental model for liver surgical procedures. 
